BEST AVAILABLE COPY 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(11) EP 0 907 237 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

07.04.1999 Bulletin 1999/14 

(21) Application number: 98307696.9 

(22) Date of filing: 22.09.1998 



(51) Intel * H02M 3/335 



(84) Designated Contracting States: 


(72) Inventor: Jiang, Yimin 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Piano, Texas 75023 (US) 


MC NL PT SE 


Designated Extension States: 


(74) Representative: 


AL LT LV MK RO SI 


Buckley, Christopher Simon Thirsk et al 


(30) Priority: 03.10.1997 US 943362 


Lucent Technologies (UK) Ltd, 


5 Mornington Road 




Woodford Green, Essex IG8 0TU (GB) 


(71) Applicant: LUCENT TECHNOLOGIES INC. 


Murray Hill, New Jersey 07974-0636 (US) 





(54) Multiple output DC to DC converter 

(57) A multiple output dc to dc converter (10) has 
multiple regulated output voltages. This is achieved by 
using a common subcircuit (14) in conjunction with mul- 
tiple input subcircuits (12,18.24) to power multiple out- 
put circuits (20,22,26). The common subcircuit (14) is 
used with an input subcircuit (16) to form a converter 
input circuit which., with a corresponding output circuit 
(20), produces an output voltage (V o1 ). Any number of 
input subcircuits can be used with the common subcir- 
cuit to produce a corresponding amount of output volt- 
ages (V o2 , V on ). The multiple output dc to dc converter 
described produces output voltage of the same quality 
as using parallel converters but with a cost and com- 
plexity similar to that of using inferior secondary side 
switches for auxiliary outputs. 
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Description 

[0001] This invention relates to dc to dc power sup- 
plies and converters with multiple outputs. More specif- 
ically, to a multiple output dc to dc converter that uses 
a common subcircuit in conjunction with multiple input 
subcircuits to provide multiple dc output voltages. 

BACKGROUND OF THE INVENTION 

[0002] Most multiple output dc to dc power converters 
are obtained by either using parallel multiple dc to dc 
converters, using secondary post regulation or using a 
combination of both. Since the secondary post regula- 
tion is in series with the primary regulation, it is less ef- 
ficient than using multiple dc to dc converters in parallel. 
However, using parallel dc todc converters substantially 
raises the cost of the converters due to cost of extra or 
redundant components. What is needed is a scheme 
that provides the efficiency of parallel converters with 
costs more similar to that of secondary post regulation 
schemes. 

SUMMARY OF THE INVENTION 

[0003] The present invention describes a multiple out- 
put dc to dc converter that provides the quality of parallel 
converters without the associated costs. The present in- 
vention can be implemented in a number of different 
topologies, including two-switch forward and two-switch 
flyback converters as well as full-bridge converters. The 
multiple output dc to dc converter of the present inven- 
tion is formed by an input circuit which has a common 
subcircuit, and input subcircuits for each of the multiple 
outputs. Each of the input subcircuits includes at least 
one switch and a means for coupling, which can be a 
transformer, the input subcircuit to the output circuit. The 
common subcircuit is connected to each of the input 
subcircuits and includes a common switch. The com- 
mon subcircuit is used in conjunction with each of the 
input subcircuits to form an input for each transformer 
The common switch of the common subcircuit is 
switched at a fixed duty cycle while the switch of each 
input circuit is controlled by a separate PWM controller 
and used to tightly regulate the associated output. 
[0004] The features and advantages of the invention 
will become more readily understood from the following 
detailed description taken in conjunction with the ap- 
pended claims and attached drawing wherein: 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] 

Fig. t is a circuit diagram of a multiple output two- 
switch forward based dc to dc converter according 
to the present invention; 
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Fig. 2 is a circuit diagram of a multiple output two- 
switch flyback based dc to dc converter according 
to the present invention; 

5 Fig. 3 is a circuit diagram of a multiple output full- 
bridge based dc to dc converter according to the 
present invention: and 

Fig. 4 is the circuit of Fig. 3 modified to achieve a 
10 zero current switching condition. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

is [0006] Referring now to Figure 1, the preferred em- 
bodiment of the present invention with respect to a two- 
switch forward based converter is shown. Converter 10 
includes input circuit 1 2 which receives input voltage V^. 
As with standard two-switch forward converters, con- 
20 verter 10 uses the action of two switches to create a 
tightly regulated output voltage with the output being 
regulated by varying the duty cycle of the switches with 
a PWM controller in response to changes in the output 
conditions. In standard two-switch forward converters 
25 both switches are controlled by the PWM controller and 
used to provide a single output. In converter 1 0, multiple 
outputs are provided by regulating each output with a 
single switch controlled by a PWM controller in combi- 
nation with a common switch operating at a fixed duty 
30 cycle. This can be seen in input circuit 12 where com- 
mon subcircuit 14 includes common switch SO with di- 
ode DO. Common subcircuit 14 is used in conjunction 
with first input subcircuit 16 to provide first output volt- 
age V o1 , and with second input subcircuit 18 to provide 
35 second output voltage V o2 . Any number of input subcir- 
cuits can be used as illustrated by n ,h input circuit 24 
which provides n th output voltage V on . 
[0007] Converter 1 0 is formed by input circuit 1 2 and 
output circuits 20, 22, and 26. Output circuits 20, 22, and 
40 26 are each coupled to input circuit 12 by a coupling 
means, which in the preferred embodiment are trans- 
formers with, primary and secondary windings. These 
coupling means can any type of electrically or magnet- 
ically coupled device or transformer, and can be center 
45 tapped or multiple windings. First input subcircuit 16 in- 
cludes first primary winding TP1 of the transformer 
formed by first primary winding TP1 and first secondary 
winding TS1 . First input subcircuit also diode Dl and first 
switch S1 connected to first primary winding TP1 . First 
50 input subcircuit 16 is used in conjunction with common 
subcircuit 14 so that when common switch SO and first 
switch S1 are both closed they place V in across first pri- 
mary winding TP1 which induces a voltage across first 
secondary winding TS1 of output circuit 20. As stated, 
55 common switch SO operates at a fixed duty cycle which 
is preferably 0.5. Instead of being operated at a fixed 
duty cycle, first switch S1 is controlled by a PWM con- 
troller (not shown). As is well known in the art, the PWM 



EP 0 907 237 A2 



25 



30 



35 



40 



45 



50 



3 



EP 0 907 237 A2 



4 



controller monitors the output voltage and varies the du- 
ty cycle of first switch S1 , or its phase in relation to that 
of common switch SO, to keep first output voltage V o1 
tightly regulated despite changes in the load conditions. 
When common switch SO and first switch S1 are both 
closed, current flows through first primary winding TP1 
inducing a current in first secondary winding TS1 . Each 
of first input circuit 16, second input circuit 18 through 
n th input circuit 24 operate in the same manner to pro- 
vide n output voltages. 

[0008] Current in first secondary winding TS1 sup- 
plies power to the load through diode D3, capacitor C1 
and inductor L1 . Capacitor C1 and inductor L1 also en- 
sure a constant output voltage by filtering the output to 
remove ripple from the output current and voltage. 
When common switch SO or first switch S1 is turned off, 
no current is induced In first secondary winding TS1 and 
energy is supplied to the load from the discharge of the 
energy stored in capacitor C1 and inductor L1 . The en- 
ergy stored in inductor L1 is allowed to freewheel 
through diode D4. 

[0009] Each additional input subcircuit and output cir- 
cuit in converter 10 operate as described with respect 
to first input subcircuit 16 and first output circuit 20. For 
example, second input subcircuit 18 uses second switch 
S2 in conjunction with common switch SO to place V jn 
across primary winding TP2. Current in primary winding 
TP2 induces a current in secondary winding TS2 which 
produces second output voltage V o2 using second out- 
put circuit 22. As can be seen, n outputs of converter 10 
can be regulated using n th switch S n , primary winding 
TP n , and secondary winding TS n to produce V on . 
[0010] Referring now to Fig. 2, the preferred embod- 
iment of the present invention with respect to a two- 
switch flyback based converter is shown. Flyback con- 
verter 30 has the same primary structure as converter 
10 from Fig. 1. The differences are in the transformers 
and the configuration of the output circuits. Common 
subcircuit 34 is the same as shown in Fig. 1 , as are first 
input circuit 36 and second input circuit 38 with the ex- 
ception that the polarity of first primary winding TP11 
and second primary winding TP12 have been reversed. 
Again, the ability to handle any number of outputs is 
demonstrated by n th input subcircuit 44 with n th primary 
winding TP n . The change in polarization of the primary 
windings of the input subcircuits allows a flyback type 
converter to be formed. 

[001 1] As before, common subcircuit 34 with common 
switch S10 and diode D10 are used in conjunction with 
the components of the input subcircuits 36, 38 and 44. 
For example, first switch S11 and diode D11 of first input 
subcircuit 36 in common input subcircuit 34, place V jn 
across the primary winding TP11 of the transformer. 
Common switch S1 0 again operates at a fixed duty cycle 
while first switch S11, second switch Sl2andn ,h switch 
S n of input subcircuit 36, 38, and 44, respectively are 
each controlled by independent PWM controllers and 
used to regulate their associated output voltage. With 



respect to first output voltage V 0l , common switch S10 
and first switch S11 when both closed place V jn across 
first primary winding TP1 1 . V in across first primary wind- 
ing TP11 causes current to flow through first primary 
5 winding TP11 . Because of the difference in winding po- 
larities, no current flows in first secondary winding TS11 , 
energy is instead stored in the transformer windings. 
Once common switch S10 and first switch S11 are 
opened, the energy stored in the transformer causes 
10 current to flow in first output circuit 40 through diode 
D13. Capacitor C11 is charged during this portion of the 
cycle and is used to supply power to the load during the 
period that V in is applied across first primary winding 
TP11 and no current flows in first output circuit 40. 
'5 [0012] Both Figs. 1 and 2 show the top switch of the 
two-switch converters as the common switch, while n 
bottom switches are used to regulate the n output volt- 
ages. It should be apparent to those skilled in the art 
that the same result could be obtained by using a com- 
20 mon bottom switch with n top switches regulating the n 
output voltages. 

[0013] Since the input circuits 12 from Fig. 1 and 32 
from Fig. 2 are identical except for the polarization of 
the primary winding of the transformer, a converter could 
2S be structured to have a combination of the output circuits 
shown in Figs. 1 and 2 depending on the power require- 
ments for that particular output. For example, the first 
input subcircuit could be configured as shown by first 
input subcircuit 16 of Fig. 1 and used with an output cir- 
30 cuit as is shown by first output circuit 20 from Fig. 1 
thereby forming a forward type converter. The same 
converter input circuit could have a second input sub- 
circuit configured as shown by first input subcircuit 36 
from Fig. 2 used with an output circuit such as the one 
35 shown by first output circuit 40 from Fig. 2 thereby form- 
ing a flyback type converter. In this way, any combina- 
tion of the forward or flyback configurations could be 
used in the same converter circuit to customize the con- 
verter to the desired application. 
40 [0014] Referring now to Fig. 3, the preferred embod- 
iment of the present invention with respect to a multiple 
output lull-bridge converter is shown. Converter 50 has 
a very similar input circuit 52 to those shown in the two- 
switch converters of Figs. 1 and 2. In the full-bridge con- 
45 figuration, however, input circuit 52 has the diodes of the 
two-switch converter replaced with switches. These ad- 
ditional switches allow the full-bridge converter to be 
configured with output circuits that can handle higher 
power applications. 
so [0015] Input circuit 52 uses common subcircuit 52 
with switches S20 and S21 in conjunction with first input 
subcircuit 56 and second input subcircuit 58 First input 
subcircuit 56 connects to common subcircuit 54 to form 
an input circuit that with output circuit 60 forms a full- 
55 bridge converter. First input subcircuit 56 includes first 
top switch S22 and first bottom switch S23 which are 
connected to first primary winding TP20 of the trans- 
former coupling first input subcircuit 56 to first output cir- 
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cult 60 using first secondary winding TS20. First input 
subcircuit 56 operates with common subcircuit 54 as an 
input circuit for a full-bridge converter. As with input cir- 
cuits for full-bridge converters, common top switch S20 
and first bottom switch S23 when closed result in V in 
being placed across first primary winding TP20. Similar- 
ly, when common bottom switch S21 and first top switch 
S22 are closed -V jn is placed across first primary wind- 
ing TP20. 

[0016] V in across first primary winding TP20 causes 
a voltage across first secondary winding TS20. This re- 
sults in a voltage across inductor L21 determined by the 
voltage across secondary winding TS20 less first output 
voltage V oV The voltage drop across inductor L21 in- 
creases the current in first output circuit 60 through for- 
ward biased diode D20. This current is then mirrored 
through the transformer to input circuit 52. During the 
other half of the cycle -V jn is placed across first primary 
winding TP20. This again results in a voltage across first 
secondary winding TS20 and a voltage across inductor 
L21 . The voltage across inductor L21 increases the cur- 
rent to flow through the forward biased diode D21. 
Again, this current is mirrored through the transformer 
to first primary winding TP20 and input circuit 52. 
[0017] As before, common top switch S20 and com- 
mon bottom switch S21 are operated at a fixed duty cy- 
cle. A short delay is used between the opening of one 
switch and the closing of the other to prevent "shoot 
through' and assure a zero voltage switching. First top 
switch S22 and first bottom switch S23 have their duty 
cycle, or phase shift with reference to the common 
switches, controlled by a PWM controller (not shown) 
which monitors the conditions of output voltage V 01 and 
varies the duty cycle, or phase shift, of first top switch 
S22 and first bottom switch S23 to maintain a tightly reg- 
ulated output voltage. Second input subcircuit 58 
through n th input subcircuit 64 operate just as described 
with first input subcircuit 56. Just as described above 
second input subcircuit 58 uses second top switch S24 
and second bottom switch S25 in conjunction with com- 
mon top switch S20 and common bottom switch S21 to 
control the voltage across second primary winding 
TP21. 

[0018] Additionally, output circuits 62 with secondary 
winding TS21 coupled to second primary winding TP21 , 
and n th output circuit 66 with secondary winding TS n 
coupled to n ,h primary winding TP n , operate just as de- 
scribed above with respect to output circuit 60 to pro- 
duce output voltage V o2 and output voltage V on , respec- 
tively. As illustrated by n th input subcircuit 64 with switch- 
es San and Sab, and primary winding TP n , any number 
of input subcircuits can be accommodated by common 
subcircuit 54 of input circuit 52. 
[0019] Common subcircuit 54 of converter 50 can be 
used not only with input subcircuits and output circuits 
such as first input subcircuit 56 and first output circuit 
60 to form "full-bridge" converters, but can be used with 
input subcircuits and output circuits either of the types 
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shown by first input subcircuit 36 and first output circuit 
40 of Fig 2 to form a "flyback" converter", or of the type 
shown by first input subcircuit 16 and first output circuit 
20 of Fig. 1 to form a "forward" converter. In this manner, 

5 type of converter provided can be selected for the in- 
tended load from any of the output circuits described 
above. Generally a flyback based converter such as is 
formed by common subcircuit 34 from Fig. 2 or common 
subcircuit 54 from Fig. 3, together with first input subcir- 

10 cuit 36 and output circuit 40 from Fig. 2 would be used 
for low power applications, a forward based converter 
such as is formed by common subcircuit 14 from Fig. 1 
or common subcircuit 54 from Fig. 3, together with input 
subcircuit 16 and output circuit 20 from Fig. 1 would be 

is used for medium power applications, and a for higher 
power applications a "full-bridge" converter can be 
formed as shown with common subcircuit 54, first input 
subcircuit 56, and first output circuit 60 from Fig. 3. It 
can be seen that while the input subcircuit and output 

20 subcircuit are chosen based on the desired output cir- 
cuit, common subcircuit 54 can remain constant. 
[0020] Referring now to Fig. 4, the multiple output, 
full-bridge converter of Fig. 3 is shown with additional 
components added which are designed to achieve zero 

25 current switching for the switches of the common sub- 
circuit. In high power applications, the common switches 
can carry significant amounts of current which can result 
in high turn-off losses when the common switches are 
opened while stilt carrying current. In order to reduce 

30 these losses, the current in the common switches must 
be removed before the switch is opened. Converter 70 
has zero current switching network 88 added to solve 
this problem. 

[0021] Converter 70 is identical to converter 50 of Fig. 

35 3 with respect to both the structure and function of com- 
mon subcircuit 74, input subcircuits 76, 78, and 84, and 
output subcircuits 80, 82 ? and 86. Zero current switching 
network 88 has been added to converter 70 to remove 
current from common subcircuit 74, specifically com- 

40 mon top switch S30 and common bottom switch S31 for 
the reasons described above. Zero current switching 
network 88 is formed by top switch S40, bottom switch 
S41 and inductor L30 and capacitor C30 which are in 
series and connected between the junction of top switch 

45 S40 and bottom switch S41 and the junction of common 
top switch S30 and common bottom switch S31 . 
[0022] Zero current switching network 88 operates by 
forcing a current into or out of the node between com- 
mon top switch S30 and common bottom switch S31 

50 thereby removing the current which is flowing through 
whichever of the common switches that is closed just 
before it is to be opened. For example, when common 
top switch S30 is closed along with any or all of bottom 
switches S33. S35, and S nb , V in is placed across one or 

55 all of primary windings TP30, TP31 and TP n causing a 
current to flow down through common top switch S30. 
Just before common top switch S30 is set to open, top 
switch S40 of the zero current switching network 88 is 
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closed. Capacitor C30 will have an initial voltage at this 
point, as will be apparent from the description below, 
with the potential drop being from right to left when look- 
ing at Fig. 4. Closing top switch S40 causes current to 
be forced into the primary windings through the dis- 5 
charqc ol capacitor C30 and inductor L30. As secondary 
wmdmqs TS30 TS31 . and TS n will act as current sourc- 
es ard p f c\ cn: h suaden increase in the current through 
the associated primary windings, the current supplied 
by zero current switching network 88 will cause a corre- io 
sponding reduction of the current through common top 
switch S30 . When the current through common top 
switch S30 reaches zero or slightly negative, common 
too switch SX is opened with the zero current switching 
condtor rvivm:; boon nchicved. Top switch S40 re- 15 
m.nn . t -k •'..-j j^.u. -i ?/. r* i mc after the opening of com- 
mon i < ' % , At>ich time capacitor C30 is 
chHro.*oi >• 'u-r ri.- k , sute a voltage opposite that 
just Oi-v •*•■.:» t *iiDO of zero current switch- 

ing riL*i* — a . i .. bottom switch S41. 20 
[00231 vv " i a. switch S30 and bottom 

switche: '.. ' v» .: reopened, common bot- 

tom swii.r hes S32, S34 and S na are 

then clo'icc: ♦ .. 1 v* .i.-»oi3 the associated primary 
windings t.iu •* .»»c^' 1 'low up through common 25 
bottom switch *Vr? »ovmq zero current switching of 
common bottom svntcn S3 1 is done as described above 
except the cunon- Mew ts m the opposite direction mean- 
ing that currrni must drnwn from the primary windings 
instead of forced into thorn Therefore, just before com- 30 
mon bottom switch S31 is opened bottom switch S41 is 
closed causing cnpncitor C30 and inductor L30 to dis- 
charge in the opposite direction as before, drawing cur- 
rent from the primary windings. Since, again, the action 
of the secondary windings acting as current sources will 35 
prevent changes in the current in the primary windings, 
the current through zero current switching network 88 
forces a reduction in the current through common bot- 
tom switch S3 1 . When this current is zero or slightly neg- 
ative, common bottom switch S31 is opened at its zero 40 
current condition. Bottom switch S41 stay closed slightly 
longer which results in capacitor C30 being charged to 
the initial condition first described. 
[0024] All of the elements shown in Figs. 1, 2, 3, and 
4 are standard electrical components, and are common- 4s 
ly available. The switches used can be any appropriate 
switch with a sufficient switching speed, such as semi- 
conductor, IGBT or magnetic amplifier switches. 
[0025] It is to be understood that although the inven- 
tion has been described with particular reference to spe- so 
cific embodiments thereof, the form of the invention 
shown and described in detail is to be taken as the pre- 
ferred embodiment of same, and that various changes 
and modifications may be resorted to without departing 
from the spirit and scope of the invention as defined by 55 
the appended claims. 
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Claims 

1. A multiple output dc to dc converter having at least 
two output voltages, comprising : 

a) at least a first and a second output circuits; 

b) at least a first and a second input subcircuits, 
the first input subcircuit including at least one 
switch and coupled to the first output subcircuit 
by a first means for coupling, and the second 
input subcircuit including at least one switch 
and coupled to the second output circuit by a 
second means for coupling; and 

c) a common subcircuit including at least one 
common switch connected to the first input sub- 
circuit and the second input subcircuit wherein 
the at least one common switch is used with 
each of the at least one switches of the first in- 
put subcircuit and the second input subcircuit 
to produce the at least two output voltages. 

2. The multiple output dc to dc converter of Claim 1 
wherein the first output circuit together with the first 
input subcircuit and the common subcircuit and the 
second output circuit together with the second input 
subcircuit and common subcircuit form two-switch 
forward-based converters. 

3. The multiple output dc to dc converter of Claim 1 
wherein the first output circuit together with the first 
input subcircuit and the common subcircuit and the 
second output circuit together with the second input 
subcircuit and common subcircuit form two-switch 
flyback-based converters. 

4. The multiple output dc to dc converter of Claim 1 
wherein the first output circuit together with the first 
input subcircuit and the common subcircuit form a 
two-switch forward-based converter and the sec- 
ond output circuit together with the second input 
subcircuit and common subcircuit form a two-switch 
flyback-based converter. 

5. The multiple output dc to dc converter of Claim 1 
wherein the first output circuit together with the first 
input subcircuit and the common subcircuit and the 
second output circuit together with the second input 
subcircuit and common subcircuit form full-bridge 
based converters. 

6. The multiple output dc to dc converter of Claim 1 
wherein the first output circuit together with the first 
input subcircuit and the common subcircuit form a 
full-bridge converter and the second output circuit 
together with the second input subcircuit and com- 
mon subcircuit form a two-switch forward-based 
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converter. 

7. The multiple output dc to dc converter of Claim 1 
further comprising a zero current switching network 
connected to the common subcircuit, the zero cur- s 
rent switching network operable to remove current 
from the at least one common switch before the at 
least one common switch is opened thereby pre- 
venting turn-off losses. 

10 

8. The multiple output dc to dc converter of Claim 1 
wherein the common switch forms a top switch and 
the at least one switch of each of the first input sub- 
circuit and the second input subcircuit form bottom 
switches in a two-switch converter. is 

9. The multiple output dc to dc converter of Claim 1 
wherein the common switch forms a bottom switch 
and the at least one switch of each of the first input 
subcircuit and the second input subcircuit form top 20 
switches in a two-switch converter. 

10. A two-switch, multiple output dc to dc converter hav- 
ing at least two output voltages, comprising: 

25 

a) a first output circuit producing a first output 
voltage, and a second output circuit producing 
a second output voltage; 

b) a first input subcircuit coupled to the first out- 30 
put circuit by a first transformer, and including 

a first switch connected to the first transformer, 
and a first diode connected to the first switch 
and the first transformer; 

35 

c) a second input subcircuit coupled to the sec- 
ond output circuit by a second transformer, and 
including a second switch connected to the sec- 
ond transformer, and a second diode connect- 
ed to the second switch and the second trans- *o 
former; and 

d) a common subcircuit including a common 
switch and a common diode, the common 
switch and the common diode connected to 45 
each of the first and second input subcircuits 
thereby forming a two-switch converter for each 

of the first and second output voltages, wherein 
the common switch is cycled at a fixed duty cy- 
cle and the first switch is used to regulate the so 
first output voltage and the second switch is 
used to regulate the second output voltage. 

11. The two-switch, multiple output dc to dc converter 

of Claim 10 wherein the first output circuit, the first 55 
input subcircuit and the common subcircuit, and the 
second output circuit, the second input subcircuit 
and the common subcircuit form forward-based 
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converters. 

12. The two-switch, multiple output dc to dc converter 
of Claim 10 wherein the first output circuit, the first 
input subcircuit and the common subcircuit for a for- 
ward-based converter, and the second output cir- 
cuit, the second input subcircuit and the common 
subcircuit form a flyback-based converter. 

13. The two-switch, multiple output dc to dc converter 
of Claim 10 wherein the first output circuit, the first 
input subcircuit and the common subcircuit, and the 
second output circuit, the second input subcircuit 
and the common subcircuit form flyback-based con- 
verters. 

14. The two-switch, multiple output dc to dc converter 
of Claim 1 0 wherein the common switch forms a top 
switch and the at first switch and the second switch 
form bottom switches in the two-switch, multiple 
output dc to dc converter. 

15. The two-switch, multiple output dc to dc converter 
of Claim 1 0 wherein the common switch forms a bot- 
tom switch and the first switch and the second 
switch form top switches in the two-switch, multiple 
output dc to dc converter. 

16. A full-bridge, multiple output dc to dc converter hav- 
ing at least two output voltages, comprising: 

a) a first output circuit producing a first output 
voltage, and a second output circuit producing 
a second output voltage; 

b) a first input subcircuit coupled to the first out- 
put circuit by a first transformer, and including 
a first top switch connected to the first trans- 
former and a first bottom switch connected to 
the first top switch and the first transformer; 

c) a second input subcircuit coupled to the sec- 
ond output circuit by a second transformer, and 
including a second top switch connected to the 
second transformer and a second bottom 
switch connected to the second top switch and 
the second transformer; and 

d) a common subcircuit including a common top 
switch and a common bottom switch, the com- 
mon top switch and the common bottom switch 
connected to each of the first and second input 
subcircuits to form the multiple input dc to dc 
converter, wherein the common top switch and 
common bottom switch are cycled at a fixed du- 
ty cycle and the first top switch and first bottom 
switch are used to regulate the first output volt- 
age and the second top switch and second bot- 
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torn switch are used to regulate the second out- 
put voltage. 

17. Thefull-bridge ; multiple output dc to dc converter of 
Claim 16 wherein the first output circuit, the first in- 5 
put subcircuit and the common subcircuit, and the 
second output circuit, the second input subcircuit 
and the common subcircuit form full-wave convert- 
ers. . • 

10 

1 8. The full-bridge, multiple output dc to dc converter of 
Claim 16 further comprising a third output circuit 
producing a third output voltage and including a 
third transformer coupling to the third output circuit 

to a third input subcircuit which includes a third 75 
switch and a diode connected to the third switch, 
the third input subcircuit being used with the com- 
mon subcircuit to regulate the third output voltage. 

19. The full-bridge, multiple output dc to dc converter of 20 
Claim 18 wherein the third output circuit, the third 
input subcircuit and the common subcircuit form a 
forward-based converter. 

20. The full-bridge, multiple output dc to dc converter of 25 
Claim 18 wherein the third output circuit, the third 
input subcircuit and the common subcircuit form a 
forward-based converter. 

21. The multiple output dc to dc converter of Claim 16 30 
further comprising a zero current switching network 
connected to the common subcircuit, the zero cur- 
rent switching network operable to remove current 
from the common top switch and common bottom 
switch before the common top switch and common 35 
bottom switch are opened, thereby preventing turn- 
off losses. 
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FIG. 2 
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FIG. 3 
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FIG. 4 



ii 



1 •' 4 



X 



s 4o-/ _ 

S 4 ,^ L30 S 3 W Tp 30 S 3 W "-31 S 35 _y 

I 1 



TP31 s 35 . 



Tn S 



nb- 



84- 



TS30- 



70 



80 





m 




+ 


e 


>l 


1 





82 





^1 




+ 

= Vo2 


e 


> 


1 





86 



V 



(19) 



3 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



(12) 



(id EP 0 907 237 A3 

EUROPEAN PATENT APPLICATION 



(88) Date of publication A3: 

08.12.1999 Bulletin 1999/49 

(43) Date of publication A2: 

07.04.1999 Bulletin 1999/14 

(21) Application number: 98307696.9 

(22) Date of filing: 22.09.1998 



(51) intci e H02M 3/335 



(84) Designated Contracting States: 


(72) Inventor: Jiang, Yimin 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Piano, Texas 75023 (US) 


MC NL PT SE 




Designated Extension States: 


(74) Representative: 


AL LT LV MK RO SI 


Buckley, Christopher Simon Thirsk et al 




Lucent Technologies (UK) Ltd, 


(30) Priority: 03.10.1997 US 943362 


5 Mornington Road 


Woodlord Green, Essex IG8 0TU (GB) 


(71) Applicant: LUCENT TECHNOLOGIES INC. 




Murray Hill, New Jersey 07974-0636 (US) 





(54) Multiple output DC to DC converter 

(57) A multiple output dc to dc converter (10) has 
multiple regulated output voltages. This is achieved by 
using a common subcircuit (14) in conjunction with mul- 
tiple input subcircuits (12,18,24) to power multiple out- 
put circuits (20,22,26). The common subcircuit (14) is 
used with an input subcircuit (16) to form a converter 
input circuit which, with a corresponding output circuit 
(20), produces an output voltage (V 0l ). Any number of 
input subcircuits can be used with the common subcir- 
cuit to produce a corresponding amount of output volt- 
ages (V o2 , V on ). The multiple output dc to dc converter 
described produces output voltage of the same quality 
as using parallel converters but with a cost and com- 
plexity similar to that of using inferior secondary side 
switches for auxiliary outputs. 
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